Single-strand conformation polymorphism (SSCP) is a powerful technique used to identify mutations in short pieces of DNA (1) . In this technique, the DNA of interest is often amplified by the polymerase chain reaction (PCR) and then denatured by heat or alkali treatment before electrophoresis on a non-denaturing polyacrylamide gel. Differences in mobility of either of the single strands, compared to the control DNA, indicate mutations that have affected the secondary structure and altered the mobility of the DNA. We applied PCR-SSCP analysis for the detection of mutations in the rpoBgene of Mycobacterium tuberculosis. These mutations are associated with resistance to the drug rifampicin (3). In our experience using denaturation by alkali or heating, the denatured PCR product most often re-annealed to form a large proportion of double-stranded DNA during the electrophoresis. After visualization by staining with ethidium bromide (EtdBr) or silver, most of the DNA was in the double-stranded form, with very little or no single-stranded DNA. The single strands that could be observed often ran very close together, making analysis of any differences in mobility difficult. We therefore investigated the feasibility of using a biotinylated PCR primer to generate a PCR product that was biotinylated in one strand. This enabled the two strands of DNA to be separated before electrophoresis using streptavidin paramagnetic beads, eliminating the problem of strand-annealing during SSCP and emphasizing any differences in mobility of the two strands.
A nested PCR was used to amplify the region of the ropBgene in which mutations have been shown to determine the rifampicin resistance (4) . A 293-bp region of the rpoBregion of M. tuberculosis was amplified by the first PCR. The PCR mixture (20 µ L) contained 50 mM KCl, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , 5% dimethyl sulfoxide (DMSO), 200 µ M nucleotides, 10 pM each of a forward primer ( rpoB FO; 5 ′ CGT TGA TCA ACA TCC GGC CGG TGG 3 ′ ) and a reverse primer, ( rpoB RO; 5 ′ TTT CGA TGA ACC CGA ACG GGT TGA C 3 ′ ) and 1 U of TaqDNA polymerase. The reaction mixture was denatured at 93°C for 2 min, followed by 35 cycles each of denaturation at 93°C for 1 min, and annealing and extension at 72°C for 2 min. The reaction was terminated after a final extension at 72°C for 10 min.
Of the first PCR product, 103 bp were amplified in a second 20-cycle nested PCR containing biotinylated forward primer ( rpoB FIBio; 5 ′ GT TCT TCG GCA CCA GCC AG 3 ′ ) and nonbiotinylated reverse primer ( rpoB SRI; 5 ′ CAG ACC GCC GGG CCC 3 ′ ). In this PCR, the annealing temperature was 52°C for 30 s.
To separate the DNA strands, the biotinylated PCR product was captured using streptavidin paramagnetic beads following the instructions given by the manufacturer. Briefly, 40 µ L of the beads (Promega, Southampton, England, UK), suspended in 2 ×Buffer A (1 × Buffer A is 10 mM Tris-HCl, pH 7.5, 1 mM EDTA and 2 M NaCl), were mixed with 20 µ L of PCR product and 20 µ L of H 2 O. The mixture was incubated at room temperature for 30 min. After washing the beads twice with 1 mL of Buffer A, the captured DNA was denatured by adding 8 µ L of 0.1 M NaOH and incubating for 10 min at room temperature. The alkali containing the denatured nonbiotinylated DNA strand was aspirated, made up to a volume of 50 µ L in sterile distilled water and then precipitated by a standard ethanol-sodium acetate method. The precipitate was resuspended in 5 µ L of TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). The beads with the captured biotinylated strand were washed with 50 µ L of 0.1 M NaOH and washed an additional three times with Buffer A and finally suspended in 5 µ L of TE buffer. The separated strands were heated at 95°C for 5 min with an equal volume of 0.05% bromophenol blue, 2 mM EDTA, 95% (vol/vol) formamide and then cooled on ice and analyzed immediately by non-denaturing polyacryl - The rpoBregion was amplified from several isolates of M. tuberculosis . The DNA strands were separated using streptavidin paramagnetic beads and analyzed by PAGE (on a 180-×160-×1.5-mm 10% polyacrylamide gel). Lanes 1-6, nonbiotinylated DNA strands; lane 7, 100-bp marker DNA; lanes 8-13, biotinylated DNA strands. The nonbiotinylated and biotinylated strands from the isolates were loaded in the same order so that, for example, lanes 1 and 8 contain, respectively, the nonbiotinylated and biotinylated DNA strands from the same isolate. Lanes 4 and 11 contain the DNA strands from a rifampicin-sensitive strain. Other lanes contain amplified DNA from rifampicin-resistant isolates.
amide gel electrophoresis (PAGE) on a 180-×160-× 1.5-mm 10% polyacrylamide gel. The separated DNA strands were subsequently visualized by staining with either EtdBr or silver (2) . Separation of the DNA strands before electrophoresis using streptavidin paramagnetic beads consistently yielded single-stranded products upon SSCP analysis (Figure 1) . Treatment of DNA strands with S1 nuclease before SSCP analysis confirmed the single-stranded nature of the stained bands (results not shown). When the SSCP technique using streptavidin-separated strands was applied to a number of rifampicin-resistant M. tuberculosis isolates, clear differences in mobility of at least one of the DNA strands, relative to the rifampicin-sensitive control, could be observed in all of the isolates (Figure 1) .
The rapid re-annealing of the DNA strands, which proved to be problematic in our studies, could be a consequence of the large quantities of DNA (0.5-1 µ g) applied to the gel for a strong signal after EtdBr or silver staining. A higher concentration of DNA is likely to promote rapid re-annealing. Other detection methods, involving radioactive labeling of the PCR products for example, may not encounter such a problem because less DNA is needed to generate a strong signal after SSCP. The use of radioactivity has its disadvantages, but they are mostly in the hazardous nature of the use of radioisotopes. In this study, we have described an adaptation of the PCR-SSCP protocol that enables large amounts of DNA to be loaded onto the gel for subsequent EtdBr-or silver-stain detection and avoids the problem of single-strand reannealing. This approach also separates the two DNA strands into different lanes of the polyacrylamide gel, a process that is beneficial if the two strands have similar mobility that might confuse the analysis. 
Improved Resolution of Asymmetric-PCR SSCP Products
BioTechniques 22: 606-608 (April 1997) Single-strand conformation polymorphism (SSCP) analysis is an efficient technique for detecting single base mutations (2, 3) . Some technical problems encountered in applying SSCP to DNA polymorphism analysis have been eliminated by using asymmetric-polymerase chain reaction (PCR) SSCP (1).
Two modifications of this technique improved amplification and resolution of the PCR products. Purification of the symmetric-PCR products and the use of only one primer in the asymmetric-PCR amplification eliminated unwanted amplicons and simplified subsequent analysis. Details of this modified procedure are described below.
Human genomic DNA was extracted from blood or tissue following the manufacturer's instructions (Gentra, Research Triangle Park, NC, USA). Asymmetric-PCR SSCP was performed using primers for exon 15 of the DNA repair gene hMLH1as follows: symmetrical PCR amplification was performed in a 25-µ L volume containing 100 ng of genomic DNA, 20 µ M of each dNTP, 1 µ M of each primer, 0.5-1 U Taq DNA Polymerase (Promega, Madison, WI, USA), 1 ×PCR buffer (500 mM KCl, 100 mM Tris-HCl [pH 9.0 at 25°C], 1% Triton ® X-100) and 1.5 µ M MgCl 2 . The samples were denatured at 94°C for 2 min followed by 30 cycles at 94°C for 20 s, 55°C for 30 s, 72°C for 1 min and a final extension at 72°C for 5 min. The PCR products were then purified with the QIAquick ™PCR Purification Kit (Qiagen, Chatsworth, CA, USA) using the manufacturer's instructions. The purified PCR products (2 µ L) were used in the subsequent asymmetric PCR with 1 µ M of the antisense primer only, 20 µ M of each dNTP, 0.5-1 U TaqDNA Polymerase, 1 µ Ci of [ α -32 P]dCTP (3000 Ci/mmol), 1 × PCR buffer and 1.5 µ M MgCl 2 in a 10-µ L total volume. This reaction was performed under the same cycle conditions as described above except that the reaction was completed in 25 cycles. Labeled amplified DNA was mixed with loading buffer (95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol) in a 1:1 ratio, denatured for 5 min at 95°C, loaded onto a 6% acrylamide Long Ranger ™Gel (AT Biochem, Malvern, PA, USA) and electrophoresed at room temperature in 0.6 ×TBE (53.4 mM Tris base, 53.4 mM boric acid, 1.2 mM EDTA, pH 8.0) at 6 W overnight. Gels were transferred to 3MM Paper (Whatman, Clifton, NJ, USA), dried and exposed to X-OMAT AR Film (Eastman Kodak, Rochester, NY, USA). The same protocol was also used to analyze the bovine TNF αgene and other human genes (reaction conditions optimized for each primer pair,
